The purpose of this retrospective study was to compare the efficacy and toxicity of high-dose methotrexate plus temozolomide (MT regimen) and rituximab plus MT of the patients in the RMT group and 27.6% of the patients in the MT group (P < 0.001).
achieved a median overall survival (OS) of 12-17 months. 4, 5 Because combined chemotherapy significantly increased the response rate and survival of patients with systematic lymphomas, a variety of chemotherapy agents and regimens were also explored for PCNSL. High-dose methotrexate (HD-MTX) was then proven to reach a therapeutic concentration in the brain and was found to improve survival when added to WBRT. 6, 7 Subsequently, many drugs in combination with HD-MTX have been investigated to improve the response rate and to prolong the survival of patients with PCNSL. The International Extranodal Lymphoma Study Group (IELSG) 20 demonstrated that compared with HD-MTX monotherapy, high-dose cytarabine (Ara-C) combined with HD-MTX (MA regimen) significantly improved the complete response rate and progression-free survival (PFS) of patients with PCNSL. 8 Based on this finding, the MA regimen has been regarded as one of the standard approaches for PCNSL. However, the MA regimen has a high incidence of severe toxicities, which are not well tolerated in weak or elderly patients. 8 Therefore, low-toxicity therapeutics were further investigated for PCNSL to balance intensification of therapy with regulation of side effects. Temozolomide (TMZ) is an oral alkylating agent that can penetrate the bloodbrain barrier (BBB) and achieve a high concentration in the CNS. 9, 10 TMZ is traditionally used to treat glioma and has reported activity in PCNSL. [9] [10] [11] [12] [13] [14] [15] [16] The combination of HD-MTX and TMZ (MT) has also shown comparable effects and has achieved an acceptable survival rate for PCNSL patients, with an objective response rate (ORR) of approximately 70%-80% and a 2-year OS rate of 39%-62%. 10, 16 More importantly, the MT regimen has relatively low toxicities and is well tolerated in elderly and physically weak patients. 10, 17 Rituximab is a chimeric anti-CD20 monoclonal antibody and is widely used for the treatment of CD20+ non-Hodgkin lymphoma. 18 Because 90%-95% of PCNSLs are pathologically diagnosed as diffuse large B-cell lymphoma (DLBCL), rituximab can theoretically enhance the efficacy of chemotherapy in PCNSL. 19 An increasing number of studies and meta-analyses have investigated the effect of rituximab in PCNSL, indicating that rituximab can robustly enhance the response rate and possibly improve survival. [20] [21] [22] [23] Thus, we hypothesized that rituximab may potentiate the effectiveness of MT in patients with PCNSL as an initial treatment. However, data regarding the addition of rituximab to MT (RMT regimen) for PCNSL are limited, and no study has directly compared the efficacy of RMT to that of MT. To address this problem, we analyzed and compared the efficacy and safety of RMT and MT in untreated PCNSL patients from Southern China.
| PATIENTS AND METHODS

| Patients
All patients diagnosed with PCNSL between January 2005 and December 2015 were retrospectively reviewed. The included patients met the following criteria: (a) the disease was pathologically diagnosed as DLBCL; (b) complete clinical and treatment information were available; (c) the patients were between 18 and 80 years of age; (d)there was no involvement of sites other than the CNS; (e) no antitumor treatment was received before admission; and (f) the patient presented with at least one measurable lesion. The exclusion criteria were (a) patients with other types of malignancy and (b) patients with any immunodeficiency disease. Finally, a total of 62 patients were enrolled. 
| Treatment
| Treatment evaluation and toxicity
Treatment responses were assessed by contrast-enhanced magnetic resonance imaging (MRI) of the brain, which was performed at baseline and after the second, fourth, and sixth cycles of chemotherapy. Complete remission (CR) was defined as complete disappearance of all lesions, a partial response (PR) was defined as a ≥50% decrease in the size of the enhancing tumor, progressive disease (PD) was defined as a ≥25% increase in tumor size or the occurrence of a new lesion, and stable disease (SD)was defined as a situation that could not be classified as CR, PR, or PD. After completing treatment, the patients were evaluated by repeat contrast-enhanced MRI of the brain every 3 months for the first 2 years and then every 6 months for years 3-5. Upon cessation of treatment, each patient was followed up every 3 months at the clinic or by telephone interview until 5 years. Treatmentrelated adverse events were evaluated with the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0. 24 
| Statistical analyses
The patient characteristics and treatment responses of the two therapeutic groups (RMT vs MT) were compared using the chi-square or Fisher's exact tests. Survival was estimated with the Kaplan-Meier method and compared using the logrank test. OS was defined as the time from the date of diagnosis to the date of death or the last follow-up visit, and PFS was defined as the time from diagnosis to relapse, progression, death or the date of the last follow-up visit. Univariate and multivariate survival analyses were performed based on the Cox proportional hazards regression methodology.
Hazard ratios (HRs) with 95% CIs and two-sided P values were reported. An alpha value of P < 0.05 was considered statistically significant. The statistical analyses were performed using the Statistical Package for the Social Sciences version 22.0.
| RESULTS
In this study, 32 patients received RMT as induction therapy, and 30 patients received MT. The median age of the entire cohort was 53.5 years (range 29-77). Thirty-two male patients and 30 female patients were included, with a sex ratio of 1.07. Among them, 20 patients (32.3%) received WBRT as consolidation therapy, while only 2 patients (3.2%) received ASCT. Two previously reported prognostic models for PCNSL, namely, the IESLG model 25 and MSKCC model, 26 were also introduced to stratify the risk groups of our patients. As listed in Table 1 , except for gender, the clinical characteristics were generally well balanced between the two treatment groups (RMT vs MT percentage of male patients was present in the RMT group than in MT group (65.6% vs 36.7%, P = 0.041).
The response rates are shown in Table 2 . Sixty-one patients were evaluated for responses. CR was observed in 17 patients (53.2%) on RMT and 8 patients (27.6%) on MT (P < 0.001), while PR was observed in 13 patients (40.6%) on RMT and 12 patients (41.4%) on MT (P = 0.572). The RMT regimen achieved a significantly higher ORR than the MT regimen (93.7% vs 69.0%, P = 0.018).
No toxic death was observed. Febrile neutropenia (FN) occurred in three patients (9.4%) on RMT and in two patients (6.7%) on MT (P = 1.000). Grade 3-4 hematological toxicities (anemia, neutropenia, and thrombocytopenia) were not frequent in either group (RMT vs MT), with no significant difference between them (all P > 0.05). Grade 1-2 hepatotoxicity was observed in 13 patients (40.6%) on RMT and in 12 patients (40%) on MT (P = 1.000), and grade 1-2 nausea/ vomiting was observed in 14 patients (46.6%) on RMT and in 18 patients (62.5%) on MT (P = 0.049). Grade 3-4 nonhematological toxicities were generally uncommon in both groups. All toxicity data are summarized in Table 3 .
Over a median follow-up time of 14.2 months (3.57-60.8 months), 15 deaths were observed (12 patients on MT and 3 patients on RMT), all of which were due to tumor progression or relapse. The median follow-up time was 15.5 months for the MT group and 13.7 months for the RMT group. Six patients in the RMT group and 10 patients in the MT group relapsed, and none of them showed extra-CNS involvement. The 2-and 5-year PFS rates were 81.3% and 53.3%, respectively, for the RMT group and 46.5% and 29.1%, respectively, for the MT group (P = 0.019). The 2-and 5-year OS rates were 82.3% and 82.3%, respectively, for the RMT group and 65.7% and 50.0%, respectively, for the MT group (P = 0.015). The median PFS time was 25.3 months in the MT group and was not reached in the RMT group. The median OS time was not reached in either group. Kaplan-Meier survival curves of the PFS and OS were constructed (Figure 1 and 2) .
To further determine the prognostic impacts of the therapeutic approaches on PCNSL, a Cox regression model was generated. Deep structure involvement and treatment approach were identified as prognostic factors for PFS in the univariate analysis, and they were both proven to be independent 
F I G U R E 1 Kaplan-Meier curves for progression-free survival (PFS) with MT and RMT
prognostic factors of PFS in the multivariate analysis after adjusting for gender and age (Table 4 ). Univariate analysis demonstrated that treatment approach was the only prognostic factor for OS. After adjusting for age and gender, treatment approach was identified as an independent prognostic factor for OS in the multivariate analysis (Table 5) . Compared with the MT regimen, the RMT regimen reduced the risk of progression by 75% and the risk of mortality by 81.9% in PCNSL. Unfortunately, neither the IELSG model nor the MSKCC model was found to correlate with PFS or OS in the survival analyses.
| DISCUSSION
To the best of our knowledge, this is the first study to investigate the MT regimen and RMT regimen in untreated PCNSL patients. In the current study, both the MT regimen and the RMT regimen yielded favorable clinical outcomes in PCNSL and were well tolerated. Notably, the addition of rituximab significantly improved the response rate (ORR 93.7% and CRR 53.2%) and survival rate in the RMT group. Furthermore, the data suggested that rituximab can provide an additional benefit when added to conventional HD-MTXbased polychemotherapy. For decades, the HD-MTX-combined regimen has been regarded as the cornerstone of chemotherapy in PCNSL, 7, 27 and a variety of agents have been investigated in combination with HD-MTX for PCNSL. The first randomized trial assessing chemotherapy in PCNSL was reported in 2009. In that phase 2 prospective study, high-dose Ara-C significantly improved the clinical outcome of PCNSL when added to HD-MTX. 8 However, 92% of patients in the MA group developed grade 3-4 hematological toxicities, and dose reductions and therapy discontinuation were frequent. 8 Consequently, the frequent severe toxicities limited the widespread use of MA in PCNSL, especially in frail populations. Subsequently, several alkylating agents in combination with HD-MTX without cytarabine were successfully used in the first-line care of PCNSL worldwide. 10, [28] [29] [30] [31] [32] Among them, TMZ was found to be a promising agent for combination with HD-MTX. In the retrospective series reported by Omuro et al 13 and Wang et al, 17 the authors demonstrated that the effect of MT was comparable to that of MA for newly diagnosed PCNSL patients, including elderly patients. The ANOCEF-GOELAMS trial provided data regarding the MT regimen in elderly PCNSL patients, with 48 patients randomized into the MT group. 10 The MT regimen achieved an ORR of 71% but yielded a median OS of 14 months, with tolerable toxicity. 10 Consistently, our study showed a similar ORR (69%) for MT to that reported in previous studies. Most importantly, the toxicity of MT was mild in all reported studies and could be well tolerated by elderly patients. Rituximab, a CD20 antibody, has greatly advanced DLBCL therapy in the past two decades and is widely indicated for the treatment of other CD20-positive non-Hodgkin lymphomas. 18 Because most PCNSLs are CD20+ and may therefore be responsive to rituximab, 19 further exploration of the treatment effect of rituximab in PCNSL is warranted. Gregory et al conducted a retrospective analysis of patients with PCNSL and noted that rituximab improved outcomes when added to methotrexate. 23 Unlike our study, patients diagnosed before 2004 were also included, and only a few patients received rituximab (18%, including a non-RMT regimen) in Gregory's study. In addition, the patients in Gregory's study received various chemotherapeutic regimens and the dose of MTX was not uniform. These factors may have rendered Gregory's study underpowered to identify statistical significance for rituximab in a multivariate analysis of survival. In a phase 2 trial (CALGB 50202) by Rubenstein et al, 33 patients received a combination regimen of HD-MTX (8g/m 2 ), TMZ and rituximab, and the patients who achieved CR subsequently underwent consolidation chemotherapy with Ara-C and etoposide (EA). WBRT was eliminated, and the estimated 2-year OS rate was 70% in that study. Another prospective cooperative group study (NRG Oncology RTOG 0227) by Glass et al further demonstrated that RMT was safe and effective for untreated PCNSL. 34 Although RTOG 0227
showed an ORR of 85.7% and a 2-year OS of 80.8%, 34 grade 3-4 toxicities were more common with the induction therapy (66%) of RTOG 0227 than with that of CALGB 50202. In our study, RMT yielded a comparable 2-year OS of 82.3% and a satisfactory ORR of 92.7%. More importantly, RMT tolerance was good in our study. Grade 3-4 hematological toxicities occurred in 34.4% of the patients, and only three patients (9.4%) developed FN. In addition, our study explored the role of rituximab in PCNSL by directly comparing RMT and MT. To minimize bias, our study focused on DLBCL, and all other subtypes were excluded. The results showed that both the ORR and survival rate were significantly improved by the RMT regimen under the condition that the median follow-up time of RMT was similar to that of MT (13.7 months vs 15.5 months, P = 0.797).
In our study, a total of 22 patients who responded to treatment underwent consolidation therapy. WBRT was performed in 12 patients on RMT and in 8 patients on MT. However, WBRT was not found to improve survival in either group. Only two patients on RMT underwent ASCT, and the effect could not be adequately evaluated. In the RTOG 0227 study, most of the patients underwent hyperfractionated WBRT as consolidation therapy and TMZ as maintenance therapy. 34 In the CALGB 50202 study, patients who achieved CR after introduction therapy underwent EA as consolidation treatment, achieving a comparable survival rate to that of WBRT. 33 Currently,
WBRT is regarded as an optimal consolidation treatment for responsive PCNSL patients, but long-term neurotoxicity should be considered. 7, 35, 36 In addition, ASCT is considered one of the most relevant alternatives to WBRT, with increasing evidence supporting its use in PCNSL. 30, 37 Randomized studies should be conducted to determine the optimal consolidation approach after RMT. Notably, a relatively high percentage of patients (56.3%) on RMT did not undergo consolidation therapy with WBRT or ASCT, but both PFS and OS were favorable. From this perspective, we suggest that RMT may be a feasible regimen in patients who cannot tolerate consolidation therapy. Moreover, a head-to-head trial comparing RMT and MT without consolidation therapy should be designed for elderly patients (>65 years) with PCNSL.
In the survival analyses, we further proved that therapeutic approach (RMT vs MT) was an independent prognostic factor for PFS and OS. Therefore, we considered that rituximab should be included in the first-line regimens of future clinical trials for PCNSL. However, the two previously reported prognostic models, namely, the IESLG model 25 and MSKCC model, 26 did not exhibit prognostic utility for PFS or OS. Clearly, the two models, which were established in the pre-rituximab era, may not have a sufficient prognostic effect for PCNSL. Recently, novel molecular biomarkers have shown promising prognostic effects and should be further validated in PCNSL. 34 Several limitations should be acknowledged in this study. First, this study was restricted by its retrospective nature and inevitably suffered a patient selection bias. Second, the role of WBRT or ASCT could not be further clarified. Finally, data on long-term neurotoxicity could not be evaluated or collected due to insufficient records.
| CONCLUSION
In summary, we investigated two different regimens of MT and RMT in untreated PCNSL patients for the first time. Given its outstanding efficacy and favorable toxicity, we consider RMT to be a feasible and safe therapeutic approach as a first-line treatment for PCNSL. Moreover, RMT is an ideal regimen for elderly patients and frail populations who may not tolerate WBRT or ASCT. Future prospective studies with large sample sizes are warranted to further validate the effect and toxicity of RMT in PCNSL.
